Recent studies of galaxies 2-3 Gyr after the Big Bang have revealed large, rotating disks, similar to those of galaxies today 1,2 . The existence of well-ordered rotation in galaxies during this peak epoch of cosmic star formation indicates that gas accretion is likely to be the dominant mode by which galaxies grow, because major mergers of galaxies would completely disrupt the observed velocity fields. But poor spatial resolution and sensitivity have hampered this interpretation; such studies have been limited to the largest and most luminous galaxies, which may have fundamentally different modes of assembly from those of more typical galaxies (which are thought to grow into the spheroidal components at the centres of galaxies similar to the Milky Way). Here we report observations of a typical star-forming galaxy at z 5 3.07, with a linear resolution of 100 parsecs. We find a well-ordered compact source in which molecular gas is being converted efficiently into stars, likely to be assembling a spheroidal bulge similar to those seen in spiral galaxies at the present day. The presence of undisrupted rotation may indicate that galaxies such as the Milky Way gain much of their mass by accretion rather than major mergers.
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Resolved imaging spectroscopy provides a powerful route to probing the internal properties of young galaxies. Using adaptive optics, which corrects for the effects of atmospheric motion, internal velocity maps have been acquired for a small number of galaxies at redshifts of z 5 2-3 (2-3 Gyr after the Big Bang) on scales of 0.15 arcsec (,1.3 kpc) [1] [2] [3] . These early results do not yet reveal a clear picture. The largest galaxies studied show evidence for systematic rotation, consistent with forming spiral disks 1, 2 . However, smaller, more typical, galaxies observed at the same epoch show chaotic velocity fields consistent with more primitive systems 3 . The interpretation is still limited by poor spatial resolution: typical galaxies at such redshifts have angular sizes of order 0.25 arcsec and so, even with adaptive optics, the velocity field is poorly sampled. Moreover, the emission lines used to trace the velocity field are not uniformly bright across the galaxy, and co-adding pixels to improve the signal comes at the expense of a degradation in resolution.
An effective way to resolve these issues is to use gravitational lensing, which magnifies the images of distant galaxies [4] [5] [6] [7] and allows a much more detailed view than would otherwise be possible. To demonstrate the advances possible, we have combined laser guide star adaptive optics with gravitational lensing to study a star-forming galaxy (MACS J213520102 (ref. 8)) at z 5 3.075 (seen 2.1 Gyr after the Big Bang). Detailed modelling of this system reveals that this galaxy is magnified in area 28 6 3 times (and ,8 times along its major axis) by the combination of a foreground galaxy and galaxy cluster 9 and that its properties are typical of Lyman-break galaxies at this redshift.
To Figure 1 shows a colour image of the target constructed from the optical Hubble Space Telescope image and the OSIRIS infrared spectroscopic data; clearly the two data sets are well matched in resolution. Using adaptive optics, together with the gravitational magnification, the image plane full-width at half-maximum corresponds to a physical scale of just ,120 pc in the source plane. Not only does this yield a roughly fivefold improvement in linear resolution in sampling the velocity field in comparison with earlier work, but the signal can be co-added in fainter regions while still maintaining an improved resolution over that achievable for unlensed sources.
To interpret our observations, we take into account the magnification caused by the foreground lens and reconstruct the resolved galaxy in the source plane, making use of the detailed mass model 9 , which defines the mapping from each location in the image plane. Figure 2 shows the resulting intensity and velocity maps in which binning has typically been undertaken with source-plane pixels of 0.02 arcsec, corresponding to a sampling of 150 pc. The rest-frame ultraviolet continuum distribution reveals an elongated morphology with two components. Component 1 is the most highly magnified (a factor of 28 6 3 times) and gives rise to the ring-like structure in the image plane. Component 2 extends just outside the caustic, giving rise to a lower magnification (a factor of 8.0 6 0.9 times). These large magnifications enable us to study the internal properties of J213520102 in unprecedented detail. Fitting both the continuum and [O III] emission line distributions, we derive a half-light radius of 750 pc, fivefold smaller than the large galaxies studied by many earlier workers 1, 2 and much closer to the typical size of z < 3 Lyman break galaxies (LBGs) 11 . The most significant result revealed in Fig. 2 is the well-sampled, regular, bi-symmetric velocity field revealed by the [O III] emission line measures, which, together with the linewidths peaking at the centre of the galaxy, suggest a rotating system. But could the observed velocity pattern arise from a merging pair whose projected velocities are smoothed into an apparent rotation curve as a result of inadequate spatial resolution? This ambiguity, arising from the poorly sampled data typically available at high redshift, has plagued the interpretation of the first resolved data from distant galaxies [1] [2] [3] [4] , thereby precluding a robust test of the hypothesis that a large fraction of distant star-forming galaxies are undergoing major mergers 12 . With our considerably improved resolution, this ambiguity is greatly reduced. The well-sampled data for J213520102 reveal a velocity gradient spanning many independent resolution elements even internally with component 1. Moreover, the projected velocity of component 2 is consistent with an extrapolation of the gradient across component 1, which would be highly coincidental if the components were separate systems. We therefore conclude that J213520102 it is much more likely to be a single system undergoing rotation.
Examining the velocity field in more detail, we extract a one-dimensional rotation curve along the major axis of the velocity field (at a position angle of 10u clockwise from the Dy axis). Using an arctan function to model the shape of the rotation curve, the observations suggest a circular velocity of v c sini 5 55 6 7 km s
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, where i is the inclination angle. We estimate i 5 55u 6 10u from the surface photometry, implying a circular velocity of 67 km s 21 is comparable to the rotational velocity, and the ratio v/s 0 5 1.2 6 0.1 is consistent with previous, more poorly sampled, observations of similar-sized galaxies at this redshift 3 . Any disk present in J213520102 is therefore most probably at an early stage of assembly (see Supplementary Information for further discussion) .
Our OSIRIS data also yield the two-dimensional distribution of the nebular line Hb, a valuable tracer of recent (,20 Myr) star formation. The integrated star formation rate derived from the Hb flux is 40 6 5M [ yr 21 (uncorrected for extinction) 14 , which is consistent with that derived from the 24 mm flux 13 . The star formation rate density of 4.4 6 0.5M [ yr 21 kpc 22 is typical of that derived for a larger sample of ultraviolet-selected galaxies at z < 2-3 (refs 15, 16) and comparable to that in local starbursts, in which activity is usually in compact, circumnuclear disks. The high rates of star formation observed in these galaxies result in significant stellar winds and supernovae ejecta, which are thought to contribute to the vigorous galactic scale outflows that have been observed in LBGs 17 . The blue-shifted ultraviolet interstellar absorption lines (Dv 5 2400 6 100 km s

)
8 are consistent with this interpretation.
We also show that the Hb velocity field confirms the overall rotation. However, both the Hb and CO emission 13 are not co-spatial with the centre of the galaxy but seem to peak within component 2. . Shaded regions in g and h show the spatial and kinematic location of the molecular CO emission 16 and the minor influence of component 2 on the overall dynamics.
Supplementary Information) to measure the R 23 abundance index 18, 19 , finding a metallicity of ,0.9 solar metallicity for both components.
These key findings allow us to determine the nature of J213520102. The interplay between the dynamics, star formation and mass of the gas reservoir in high-redshift star-forming galaxies is one of the primary drivers of science for the next-generation facilities such as the Atacama Large Millimeter Array (ALMA). Because J213520102 is currently the only LBG for which both high-resolution kinematic and cold-gas properties are available, we are uniquely able to constrain the gas mass dynamically and compare this with that implied by local calibrations, thereby testing whether star formation occurs in a mode similar to that seen in local spirals or appropriate to that in more extreme systems. The ratio a between the CO luminosity and the molecular gas mass has been used to distinguish the mode of star formation 20 . For local spirals a < 5, which is consistent with star formation occurring in discrete giant molecular clouds with 10 M [ , a is close to unity 21 . a has yet to be measured at high redshift for all except the most extreme populations 22 . By requiring that the gas mass be less than the dynamical mass in J213520102 we find that a , 0.8. This implies that the gas lies in an extensive intercloud medium rather than in discrete, less massive, gravitationally bound clouds 21 . The lower conversion factor identified here suggests that the gas masses of rest-ultraviolet selected galaxies at z < 2-3 may be lower than previously thought 23 .
